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1 access and toll rates, and the need for reasonable local rates,

2 as well as other issues. Furthermore, this NPRM/NOI proposal

3 encroaches on a state's authority to assign costs between the

4 state toll and local jurisdictions in a manner that properly

5 balances the state's needs, given that the proposal could easily

6 provide inadequate support if the state retains separations pro

7 cedures that conflict with the FCC assumptions.

8 As a last point, this proposal cannot be quantitatively

9 analyzed until the term "local minute" is defined and the FCC

10 identifies which of the various option One-A or One-B proposals

11 would be used in conjunction with option One-C.

12
(Paragraph 55) III c: option Two: Use Proxy Pactors to compute

13 High-Cost Assistance

14 Under option Two, actual reported costs would no longer be

15 used to compute high-cost assistance; instead, support would be

16 provided using proxy factors designed to predict the costs of ser-

17

18

19

20

21

22

23

24

vice in each CBG. The APUC believes that it will be extremely

difficult to make a proxy system consistently work well. Trying

to predict telephone costs at any particular location using a

model is somewhat like trying to predict the weather. Once you

evaluate all the presumed critical factors and the degree to which

each factor m~ght influence the process, the results are still at

best a guess. The type of proxy model that has the potential to

work will be complex and detailed, leading to difficulties in

25 development, 3.dministration, and model update. Its very com-

26 plexity could make the model prone to error. At the same time,
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1 incentives as effective competition is not available in all

2 locations.

3 Given the above,' the APUC has serious reservations that a

4 proxy model will be developed that will accurately and consis

5 tently predict the need for high-cost support nationwide. The

6 APUC suggests that if the FCC adopts a proxy model approach, it

7 do so on a trial basis in order to allow evaluation of the system

8 under actual conditions prior to broader application.

9
(Paraqraph 64) proxy Pactor One: Subscriber Density per Square

10 Hile

11 (paraqraph 65) proxy Factor Two: Averaqe Distance from Nearest
Wire Center

12

13

14

The NPRM/NOI identifies subscriber density (Proxy One) and

CBG to wire center distance (Proxy Two) as two key factors that

were considered, areas of Alaska could be perceived to be low cost

In additlon, use of CBGs in relation to these two proxies

subscriber density per village and wire center mileage factors

to serve when in actuality the opposite is true.

As a

influence LEC cost. While these two elements are important con

siderations to include in any cost model they do not represent the

only facts that determine areas of high cost. For example, much

of Alaska's rural areas are typified by remote and isolated vil-

lages where the villagers live fairly close together.

result, household density at the village might be (relatively)

high, loop lengths short, and the central office nearby. If only

will cause problems. Proxy Two I s underlying assumption that there

15
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tics.

construction, the presence or absence of different types of frost

features (eg, ice wedges, frost mounds), and a variety of other

factors. 15 clearly, a proxy representing permafrost will not be

costs, however, is not a simple matter. It will not be sUfficient

for the proxy to merely evaluate rainfall and average low

costs will also be affected by several other

a simple matter of whether or not there is permafrost in the CBG

area. As a second example, a proxy for mountainous terrain will

plant). It is also unclear how a proxy model will account for all

possible terrain and surface effects in cases where the CBGs are

large and encompass a variety of slopes and'terrain characteris-

be inadequate unless it takes into consideration the particular

characteristics at the actual site of construction (eg,

susceptibility to avalanches, rock slides, actual placement of

(paragraph 67) proxy Factor Four: Climate

The APUC agrees that the effect of climate must be

included in any proxy model. Evaluating how climate will affect

temperature.

climatic factors including a) the duration of the winter as it

affects and limits construction; 16 b) snow effects (eg, snow cover,

15See Cold Region Structural Engineering, E. Eranti and G. C.
Lee, McGraw-Hill Book Company, at 186 -- 341 (1986).

16For example, there are some locations in Alaska where
excavating and earthwork is limited to July and August. See
Appendix E at 154.
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ATTACHMENT A

costs due to increased travel time and the actual expense of

obtaining the air travel. The logistics necessary to organize and

recognized, undisputed economic fact and must be included in any

provide service and work crews under thesr conditions adds to the

costs of service. Clearly, it would not be equitable to create

a wellareeconomies

The cost patterns for an efficient small company

In Alaska, lack of surface transportation makes

b) Scale Economies: Scale

Vermont. 21

on plane access to its customer base.

com-parable in size to Texas, California, Oregon, and Washington

combined, Alaska has about the same number of miles of road as

aviation the prime mode of transportation in rural areas. 22 Costs

increase when virtually every piece of plant and all work

equipment must either be flown in or, if delay is not a problem,

delivered by seasonal barge (for those places with water access).

Major work project at a remote Alaska village can require crews

to be flown in over one hundred miles,~ which further increases

a proxy that treats a utility that has ready transportation

throughout its service area the same as a utility that must rely

proxy model.

2'Alaska has a total land area of 570,000 square miles, but
has only 13,600 miles of road. Vermont has 9,600 square miles and
has 14,100 miles of road. statistical Abstract of the United
states 1994, U.S. Department of Commerce, at 223, 624 (September
1994) •

22See Appendix E at 23 and 164.

~Due to the size and sparse population of the state, it is
not uncommon for a utility to base its operation from a regional
urban hub that LS far from the individual rural locations served
by the utility.
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ATrACBKENT A

into account these natural events.

that are not directly contemplated under the proxy model. The

effects and the number of exchanges per CBG or the proxy will

Florida may not be practical in Alaska or Maine and vice-versa.

What works in

For example, most areas of

Decreased daylight makes all

costs may increase in areas prone to earthquakes, floods,

volcanos, tornados, and hurricanes. 25 Any proxy model should take

CBGs will be less costly to serve than others depending upon the

existing network topography Ceg, location of main distribution

lines). Proxies should take into account both network topography

likely not provide an accurate ?ost surrogate.

e} Major Acts of Nature: Construction and maintenance

25See Appendix E at 64, 102.

f} Technological Neutrality: Whatever cost model is

adopted, it should not make presumptions regarding what technology

works best and is most efficient for a region.

g} Regional Effects: The proxy model should also take

into account that each area of the nation may have regional

The model must, therefore, be able to adapt to regional differ

ences and not dictate the technology involved.

peculiarities that increase cost.

Alaska have limited hours of sunlight and civil twilight during

the fall and winter seasons.

construction and maintenance tasks more difficult. Many areas of

the nation may have other regional peculiarities that effect costs

model should, therefore, include a proxy-adjustment mechanism to
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ATTACHMENT A

1 place the FCC can jUdge whether any caps are necessary and act

2 accordingly.

3
(Paraqraph 76) III D option Three: cOlllJllission certified state

4 plans for" distribution of high-cost assistance

5 Under option Three, support would be allocated between

6 states based on a limited number of proxy factors that were

7 perceived to be readily verifiable and relatively easy to

8 administer. Once support was allocated, the state commissions

9 would have the option of designing the plan for distributing the

10 support dollars.

11 As previously stated, the APUC has serious reservations

12 that a proxy model will be developed that will accurately and

13 consistently predict the need for high-cost support nationwide.

14 The APUC would, therefore, hesitate to accept responsibility of

15 planning or organizing the disbursement of support funds unless

16 it can be shown that there will be adequate and reliable funding
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provided under option Three.

As a last point, the NPRM/NOI has not addressed how the

state commissions would be compensated for any costs of

administration and planning associated with Option Three.

(Paragraph 83) IV Notice of Inquiry: comment requested regard
ing the need for further rUlemaking

(Paragraphs 83 -- 87) A Market-based incentives to reduce the
OSP through least-cost bidding

The FCC is also seeking comment on the concept of having

carriers bid for support in each CBG, with the lowest bid setting
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c) The mechanism may fail in markets where all carriers

2 would rather share in a guaranteed revenue source than engage in

3 a bidding war to try to reduce the support level.

4 Before further comments are sought on this plan,

5 information is needed as to whether carriers can bid higher than

6 the existing support level.

7
Conclusion

8

9

10

11

12

13

14

In conclusion, the APUC believes that many of the

proposals identified in the NPRM/NOI require further refinement

before they should be applied nationwide and can be relied upon

to support the goal of universal service in a competitive market.

The APUC requests that the FCC fUlly evaluate any proposal in

light of existing conditions prior to adoption.

15 RESPECTFULLY SUBMITTED this 9th day of october, 1995.
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BY DIRECTION OF THE COMMISSION
17
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sincerely,

ISSION

By: Commiss oner Don Schroer
Chairman of the Alaska Public

utilities commission
1016 West sixth Avenue, suite 300
Anchorage, Alaska 99501
1-907-276-6222

cc: William F. Caton
Acting secretary
Federal Communications commission
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COMBINED TOTAL

USF + OEM WT $ IMPACT

CHANGE 1l00P/MO

Appendix B
Page 1 of 1

($1,093._) ($8.97)

($1.301.089) ($23.02)

(510,240.240)

($311.773) ($6.94)

($10,588.013)

ANALYSIS Of USF NPRM SCENARIOS

IMPACT OF FCC USF OPTION 1 AND ELIMINATION OF OEM WEIGHTING

REVISED lOSSOf'

12131/V3 ANNUALUSF EXP ADJFOII $ $ IMPACT EallrMled Il1t3 $ IMPACT

COMPANY NAME STATE SARlO USF LOOP EXPENSE ADJ. FCC OPTION 1 • DIFFERENCE 1l00P/MO DEMWTG 1l00P/MO

ANCHORAGE TEL UTll AK 613000 142.271 $0 $0 $0 SO.OO SO SO.OO
ARCTIC SLOPE TEL AK 813001 1.884 $855.825 $248.300 ($409.525) ($20.27) ($880.470) ($33.871

BRISTOl BAY TEL COOP AK 813003 1,511 $341.255 $124,938 ($218.317) ($11.93) ($275.513) ($15.19)

BUSH·TELL INC. AK 613004 873 $182.070 $eO.985 ($81.085) ($10.0<1) ($25lI.1731 ($31.97)

COPPER VAllEY TEL AK 813008 4.284 $1,075.327 $738.725 ($338.1102) ($8.82) ($720.40<1) ($14.08)
CORDOVA TEL COOP AK 613007 1,555 S2OO._ $92,358 ($108,332) ($S.811 ($321.8117) ($17.83)
FAIRBANKS MUNICIPAL AK 613006 29.789 $2,155,751 $2,630,743 $474.lIt2 $1.33 ($1.144._) ($3.20)

GTE ALASKA INC. AK 813009 15,247 $0 $0 SO $0.00 ($782,218) ($4.21)

KETCHIKAN PUBliC UT AK 613013 9,008 $493,898 $493,2511 ($438) (SO.OO) ($815.500) ($7,54)

MATANUSKATElASSOC AI< 613015 34.NO $9.592.012 $1.835.0<14 ($1.957,029) ($4.811) ($1.147.370) ($2.74)

NUSItAGAK TEL COOP AK J130te ~1183 $300.308 "42,018 ($158.218) ($1.40) ($185.213) ($8.")

OTZ TEL COOPERATIVE AK 813019 2,354 $178.497 $08.117 ($78.379) ($2.17) ($302....) ($10.72)

UNITED UTILITIES INC AK 813023 4,208 51.803.858 $1,375.290 ($221,388) (54.52) ($885.294) ($13.57)
YUKON Tn CO INC AK 613025 371 $134,500 523,967 ($110.534) (524.63) ($247.1811) ($55.52)

SUMMIT TEL & TEL ·AK AK 613026 68 $117.727 576,347 ($41,3811 ($39.19) ($21.347) ($24,95)

GLACIER STATE TEL CO AK 613010 38,786 $10.1144,919 ($031.8lI4) ($2.00)

JUNEAU & DOUGLAS TEL AK 613012 18,700 $211,479 ($825."7) ($3.11)

SITKA TELEPHONE CO AI< 613020 10.529 $1,837._ ($1.848.387) (513.03)

TEL UTiL OF ALASKA AI< 613022 4,819 $0 ($319.749) ($S.53)

PTI·AK AI< 819001 72.834 $13,084,207 $10.894,078 ($2,370,131) ($2.11) ($3.723.811) ($4.21)

INTERIOR TEL CO INC AI< 813011 3.739 $1.108,351 ($843.173) ($14.33)

MUl<lUI< TEL CO INC AK 813018 852 $424.583 ($137,833) (Sl3.48)

TELALASKA - AK AK 819002 4.5111 $1,532,135 $1,012,872 ($520,283) ($9.44) ($7110.807) (SI4.17)

Cost Company Total 327.091 $31,_.515 525,462,835 ($6,143,860) ($12,104,580)

Estimated Average Schedule Tolal 2.983 $253,849 $168,225 ($6s.e24) (52.41) ($232.149) ($6.53)

Stale TOlal AK 330,054 $31.NO.384 $25,631.080 ($6.229,304) ($12,338,709)

Data Sources: NECA USF Date Submlaslon (9/30/V4)

FCC USF Oela CollecUon (m5. 3M)

Compilation Source: K. Falk, NECA, 9/V5

Expense adJustment amount. calculated based on 1993 data lor 1995 payoul, prior 10 application 01 Interim USF cap.

SO
($1,089._)

($491,830)

($33t.258)
($1.050.001)

($437.211)
($889,817)

($712,218)

($615.144)

($3,IO<1,31t)

($343.501)

($381.067)

($013.8112)
($357.720)

($67,727)

$0.00
($53.94)

($27.12)

($42.01)

($20.701
($23.43)

($1.87)

($4,21)

($7.55)

($1.42)

($tU5)

($13.49)

($11.09)
($80.35)
($84.14)

~

~
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Analysis of Category 3 Costs based on Switch Size Using only Single Switch Study Areas:

Ratio of Ratio of
Total Relative Relative

Number of # of Loops '93 Cat.3 1993 OEM Cat 3 Invest Cost Per Invest Per Cost per
Study Areas Per Switch Investment Lines (000) Per Line Line 1000 OEM OEM

3 100-199 $505,965 411 4,328 $1,231 3.03 $117 4.08
5 200-299 1,527,216 1,205 14,349 $1,267 3.12 $106 3.71
3 300-399 925,460 1,004 15,361 $922 2.27 $60 2.10
4 400-499 1,032,714 1,768 29,635 $584 1.44 $35 1.22
7 500-599 2,726,195 3,856 52,061 $707 1.74 $52 1.83

11 600-699 4,762,785 7,037 93,790 $677 1.67 $51 1.77
7 700-799 2.808.962 5,275 83,459 $533 1.31 $34 1.17
7 800-899 3,494,546 5,937 74,146 $589 1.45 $47 1.64
6 900-999 2,740,518 5,630 66,374 $487 1.20 $41 1.44

30 1000-1999 19,265,645 40,455 504,814 $476 1.17 $38 1.33
8 2000-2999 7,705,975 18,876 215,136 $408 1.00 $36 1.25
5 3000-4999 7,639,819 18,804 266,379 $406 1.00 $29 1.00

Analysis of Category 3 Costs Based on StUdy Area Size:

Ratio of Ratio of
# of Loops Total Relative Relative

Number of Per Study '93 Cat.3 1993 OEM Cat 3 Invest Cost Per Invest Per Cost per
Study Areas Area Investment Lines (000) Per Line Line 1000 OEM OEM

42 <500 $18,170,582 11,815 178,644 $1,538 3.87 $102 4.10
72 500-1,000 $41,156,291 55,481 717,808 $742 1.86 $57 2.31

259 1,000-5,000 $353,235,513 644,528 8,593,644 $548 1.38 $41 1.66

86 5,000-10,000 $277,831,845 605,603 8,597,064 $459 1.15 $32 1.30
66 10,000-20,000 $458,790,705 887,528 12,749,652 $517 1.30 $36 1.45

54 20,000-50,000 $785,512,362 1,797,915 25,818,615 $437 1.10 $30 1.23
30 50,000-100,000 $850,436,891 2,137,657 34,272,992 $398 1.00 $25 1.00

Source: Data from the Response to FCC NOI Data Request; Excludes 19 SAC's with missing data

~Compilation provided by United Utilities, Inc.
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Switching Plant/Loop vs. Total Loops
Alaska Data 1993
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WKS: CBG

Various statistics for three Alaskan Census Block Groups

Census Statistics Housing
Total Land Population Unit

Census Locations Population Area Area Density Density

Bloc.k GE9uejCBG) in eBG (sq. m.) (sq. m.) (sq. m.) (sq. m.)
-. --

BNA 9514.98, CBG 4 Chefornak 320 . 36.2 32.1 10.0 2.5
Kipnuk 470 30.2 29.5 15.9 4.3
Kongiganak 294 12.2 11.4 25.8 5.9
Kwigillingok 278 20.7 15.7 17.7 5.0
Tuntutuliak 300 27.2 26.9 11.2 2.8

BNA 9709, CBG 4 Buckland 318 1.4 1.4 227.1 50
Deering 157 5.3 5.3 29.6 10.2

BNA 9709, CBG 9 Ambler 311 13.1 11.6 26.8 6.8
Kobuk 69 17.1 16.4 4.2 1.5

Shungnak 223 9.7 8.5 26.2 8
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APPENDIX E

Appendix E to the Comments of the Alaska Public Utilities
Commission, in CC Docket No. 80-286, October 9, 1995.

Appendix E contains this cover page and 27 pages of extracts from
the Alaska Regional Profiles, Arctic Region.

Contents:

Title Sheet

Climate

Geology

Permafrost

Floods

Not numbered

5-8, 10-11, 13, 15-20, 23, 28-29, 164

64

65, '11-73

Transportation 189, 191

Note: This Appendix contains only those specified pages listed
above. Pages from the Alaska Regional Profiles not included in
Appendix E may be made available on request.
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.....ing Degree Days
Home heating begins when the air temperature is near 65

degrees F. Mean temperatures below 65 degrees ac::cumulate
heating degree days (Figure 131. When the rnan temperature
for a particular day is above 65 degrees, cooling degree days
are measured. For design purposes the addition of 500 heating
degree days for the AlflItien Islands and Southeast Alaslta and
1,000 for the remainder of the state to the values shown on
the chart for these areas will approximate one occurrpnce every
10 years.

T""".WING
CE:Ol'lEEOA....

\ '~J~':-" \
\ "~
I .

\~
r-1

-
i'
~ ·1"..1.---- -'

O~~AN ,

~=~ ~L

Annual Thawing Degree Day Distribution

Annual Heating Degree Day Distribution

Annual Freezing Degree Day Distribution

Figure 12

Figure 13

Figure "

n-ing 0..- DJyS
The pr--.c:e of permafrost depends on thawing as well as

freezing. Thawing degree days (Figure 121 also measure summer
dur-ation and temperatures. Areas with lower values of thawing
degree days than freezing degree days tend to have some
permafrost. Areas with low thawing degree days and high
freezing degree days are candidates for continuous permafrost.

The uniformity of thawing degree days in interior Alaska
is caused by higher summer temperatures. which compenSite
for longer thawing seaJOns farther south. It resulU in a fairly
uniform type of forest cover. excePt where altitude reduces the
length of the growing season for forest species. For design
purposes in Alaska. thawing degree days which are 300 degrees
grater than shown will occur approximately once !>Very 10
years.

Fr8Ring D..- DJyS
For design purposes. frnzing degree days of 1.000 more

than the mean (Figure 11\ will approxil11lte an extreme that
can be expected once in a 10-year period (Johnson. Hartman
19691. North of the Bering Strait, lines of equal freezing degree
clays at the coast are linar with values farther inland reflecting
winter COllditions. A cvrved pattern shows the influence of the
unfrozen sea in the central and southern Bering Sea. The
SOYthem limit of isolated permafrost falls close to 2.000 freez
ing degtee dJyS on the Alaska Peninsula. A genenl relationship
is not apparent between freezing degree days and other oerma
frost condilion$.

Depee DJyS
Degree days measure the depa"",re of man daily tempera

ture from a given standard, one degree dlY for each degree of
dlQafUlre above or below the standard during the day. The
s-.and..-d for heating degree days is 65 degrees F. for frnzing
and thIIwing. 32 degrees F. Degree days are usually ac::cumulat·
ed over a period of time or _son.

By using the tlrnf)lrlture pattern dIU of an area, thlmlll
Io8ds can be measured over a period of time, usually one year.
1iIfting. freezing. and thawing loads are often measured in
degree days per year.

Heating degree days measured below 65 deg.... F provide
information for calculating the annual fuel requirement for a
heIud building. The freezing degree days measured below 32
degtftS F provide a basis for calculating the depth of annual
ground freezing or ice thickness. while the thawing degree days
meuured above 32 degrees F provide a measure of ground
thaw during spring.
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Arctic wuther sharply contrasts with weather in other
parts of Alaska. AvtrIIgl! temper8tures are cold. and persistently
strong winds blow over the northern half of the arel. Although
the terrain is continuously wet in summer and dotted with
lakes. the amount of precipiution is low. Therefore. except at
higher elevBtions. the region is classified as a desert-a desert of
frozen land.

In the Arctic weather is critically important to man. At
times. wind and temperature make outdoor Ictivities difficult
or impossible. The primary mode of transportation. flying.
depends heaVily on weather conditions. Surface transportltion
is restricted to a limited road system during warm months but
incre_ when the tundra is frozen and snow-<:overed.

The Arctic Region and the Arctic Climatic Zone are geo
graphically the same. Despite the proximity of the offshore
ieepack to land for at least 10 months of the year. the Arctic
Ocean and Beaufort $ea have a modifying effect on coastal
temperBtures. On the southern extremity of the region the
Brooks Flange affects both temperature and precipitBtion. Sur
face winds are relBtively strong along the coast but weaken ano
become more variable further inland. In the mountains wind
speeds accelerate as they are channeled through north-south
oriented passes (Figure 15).

The nine loeations shown in Figure 17 are the only
stations that provide weBther data for the immense Arctic
Flegion. Only at these locations have temperllture and precipita·
tion data been consistently recorded and summarized. Wind
dau are available only for Barrow. Umiat. Cape Lisburne. and
Kaktovik (Barter Island1- Because of the small amount ot
usable dau for Oliktok. the figures shown for that station do
not necessarily represent average conditions.

During exploratory oilwell drilling, observations were
made at a number of locations near Prudhoe Bay. These
records. which included information relating to aviation weath·
er. did not include daily values of high and low temperature
and precipitation. The data were not routinely summariZed.
therefore. although the loeations of the Observation points are
shown on Figure 17. basic weather dau are not shown for
these sites. With the exception of Oliktok. a military Dewline
station. data from the weather stations shown in Figure 17 are
available from the National Climatic Center. Fedtral Building,
Asheville. North Carolinlt'-2B801 and the Arctic Environmental
Information and Data Center. University of Alaska. Anchorage.

Five stations on the coast from Barrow southeastWard
provide adeouate dau coverage for that portion of the coastal
region. The remainder of the region is inadequately covered by
weather reporting stations. Therefore. the sparsity ot data sta·
tions reouires that a great deal of subjective analysis be used to
portray regional cl imatic patterns.
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The curved lloes nro Ir..h~\cd in hour" Dnd reprcscnt the combim."d hOllrt. of sunlillht llnd civil twilight for different ICltitudcs
anel ntonths c,t the V(".()f. Hour!. of durkncs'S ClIn be c..timotC'd by computihY the diffcrcncu l)Ctwucn thc! value of the hut! ami
the tnL:'1f e,f 7<1 hourt.. lltf? lat;hldn )ocatjon~ of the "iIlasJCs in the Arctic MO mdicoiJtcd bV a ~olitl hot';zont"t lille.

s.oUfC:lI', EI\"'lrc,'~n~' Alias. ot th(l ufuator Ancf'lDrogu A,ell OOfUUo-l'1, A'll$k•. l. Sel~rL'(PJ ttl ul l£n2.

Figure 20 Sunlight and Darkness

Solar Radiation of Sunlight and Heat
'.atitude and the season of the year determine the length

of each day at a particular location IFigure 20), In the north
days are longer in summer and shorter in winter than at more
southerly latitudes. TWilight mark the beginning of darkness or
sunlight.

The three twilight terms '" use are civil. nautical, and
astronomical. Civil twilight. the term m~st frequently used, is
the time of day when the sur is below the horizon by 6
degrees or less. Nautical twilight ·epresents the range between 6
and 12 degrees below the horizon, and astronomical twilight is
between 12 and 18 degrees below the horizon {American
Meteorological Society 19591. Beyond 18 degrees sunlight no
longer results trom bending the sun's rays, but is reflected light
such as from the rrXln. At the end of civil twilight visibility is
drastically reduced c-fecting mo'et outdoor activities.

!jumOlcr in the nrc-tic fOOlhill,;,

The sun rises at Barrow at 1:06 a.m. on May 10th and
does not set again until August 2nd at 11:51 p.m. with an
elapsed time of 84 days, 21 hours. and 3 minutes (U. S. Naval
Observatory). Actually, darkness ceases with the beginning of
civil twilight at 1:03 a.m. on April 23rd and does not begin
again until the end of twilight at 11 :59 p.m. on August 19th.
The total elapsed time without complete darkness is 118 days,
22 hours, and 56 minutes. The sun sets in Barrow at 12:50
p.m. on November 18th and does not rise again until January
24th at 11 :51 a.m. with an elapsed time of 66 days, 23 hours.
and 1 minute. However, a short period of twilight or indirect
sunlight occurs during each of these days, ranging from 2 hours
and 58 minutes in December to slightly more than 6 hours in
November and January. Although the sun does not appear
above the horizon for almost 67 days. approximately 12Y. days
of twilight cccur at daily intervals of varying length.
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Figure 24 Cooling Po_r of Wind Expressed as "Equivalent Chill TemperatUre"
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Temoeratures of zero and colder are critical in the Arctic bec..ust of moderately strong surflce winds.
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In contrast to the single period in August when mOSt precipitation occurs. the
snowfall pattern shows a Drimlry peak In October and a secondary peak in
spring which vari" from February to May. Period of record is 8 to 20 years.

AdeDtId from thl NmOnilI o.:.nic and Atmosplwrie AcJrninmrwtion Environment.1 Onl $tt'Yice.

Figure 26 Average Monthly and Annual Precipitation

Figure Z7 Average Monthly and Annual Snowfall
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Precipit:ltion
Annual preciplation amounts depend on many climatic

inlwremionltlips such as global weather patterns, ternin of the
surrounding am, and air temperature. Annual precipitation
amountS in the ArCl:ic are generally low (Environmental Om
SefvicI, U. S. Department of Commerce, vwious dlltesl. Any
Qc:eption can be Qplained by special conditions affecting one
or more of the th,. fIIetors mentiontld above.

Globil weather ~erns, partially presenttld in Figure 18.
__ major stonn tracks. During all months except August the
major storm track in Alaskl is along and to the south of the
AJevtilln Island chain, Alaska Peninsula, and into the Gulf of
ALuIca. There are many minor stann tracks. One pushes storms
in a west to lISt movement along the Alasken coastal Arctic
from the Soviet ArCl:ic or north through the Bering Sea to the
A....n Arctic. During August the south to north movement of
storms throlJ9h the aering Sea beccmes a major storm track
producing the Arctic's largest monthly precipitlltion amounts.

Terrain cani~ precipitation amounts whenever moist
air is fon:ed up a mountain slope. The moisture in the air cools
and co~ and then falls to earth as rain or snow. Without
this mechenical lift precipitation may not develop.

Air 1II'nPeI'8ture controls how much moisture the air holds
as a WpOI' or gas. Regardless of other fIIetors, extremely cold
air can contain only very small amounts of water vapor. The
result is low preciplation.

Precipitation in the Alaskln Arctic varies. considerably
with location. Hnviest amounts occur in the highest elevlltions
of the Brooks Range where the average annual amounts vary
from 40 or more inches in the eastem glacial area to about 10
incn. in parts of the central portion. In the coastal and
foothill .,.. amounts range from 7 to less than 5 inches. Most
pl'Kipitation occurs during summer as rain (Figure 261. Areas
with the ~iest snowfall correspond to those with the most
total precipitation. Average ennual snowfllll amounts range
from an estimated 100 inches in the emem Brooks Range to
only 12 inches along the northwest coast (Figure 271. The two
data stations with the heaviest annual precipitation are both
influenced by ten'll in. Figure 28 shows the frequency of occur
rence of precipitation.

Pre-eipit,tion data are available for only the four locations s-nown.
Without regard to intensitY or rate of fall, this chart gi'ttes the
freQuency of occurrence of any type of precipitation. For ex·
amDle. the value of 30 for Barrow in J.anuary means that 30
percent of the time. some tYpe of precipitation was occurring.
P~riod of record is 8 to 20 years.

oAdaDted from th. U.s. Air FOrQ. Air Wu1tlt'f'" .soervice. Figure 28 Percentage Frequency of Occurrence of Precipitation
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No,., The detliled _II' conditions pcwented in Figures 3', 32, and
33 are all -.go percentage frequency of occurrence values. based on
hourly abterYltions. A particular valul re~1S the amount of the totll
lime during that mont" that an IYont occurred. For example. in August on
Bal'lel' Island fog is prtsent as an obstructioll to vision 31.5 _t of the
time, or out of 744 totll "ours. tog was present tor 234 hours. To Qualify as
an obsttuction to vision. visibility must be reduced to six miles or less.
Period of record is 8 to 20 years.

AdaQ«Id from U.S. Air F~.Ail' Wuth¥ Servia.

Sou,e.t: Na,ional OeeanlC and Atmo..ptu~fIC: Administra,ion. Envi,onme-ntal Data
Se""",,ce.

Note: The statistics tor ,his chart were compiled by noting the occurrence
of heavy fog on a raily rather than hourly basis. Heavy fog, defined as tog
reducing visibility to one-Quarter mile or less. must OCCW' It some time dur~

ing a dey to esublish a day with heavy tog. Period ot record is 25 years.

Figure 31

Figure 33

Figure 34 Days with Heavy Fog
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Figure 32

_C.l.A_Wind flows aeross I mountain ridge. The lenticular
doud apl)Uf$ to be IUtionary. but it is. actually
disioating on the leeward side It the ume time it is
forming on tht windward side.

Detailed Wuther Conditions
Average annual sky cover conditions differ only slightly

~n the four dIU Iocftions (Air Weather Service, U. S. Air
Force, various d«esI. Divided into monthly incremenu, these
differences become slightly more signifiCint. Susona' trends
are similar for all sutions. Where total cloudiness influences
operational planning, the dIU in Figure 31 will be useful.

Snow depth dftI must be applied with ClUtion. Even
though thae data are compiled and presented in Figure 32,
their value is greatly reduced since wind continuously moves
the snow from one r .. to another. Also, there are areas wl>ere
snow is packing and developing I hard crust. Musurements
made ~ a single or even _al lo~ions will not necesarily
give an lICCUme picture of general conditions.

Obstructions to vision are yet another planning considera·
tion (Figure 33/. An Obstruction to vision is a condition that
reduces visibility to six miles or less. In the Arctic, plrticularly
along the COlst, the most persistent and significant of these is
fog, which occurs often enough to be a hazard. Along the COIst

the oecurrenc:e of fog in~ drastically IS lOOn as open
wwter begins to appear in May or June and continues into early
October. Surtisticl on hftvy fog, a reduction to visibility of
one-quarter mile or less, are IVailable for Barrow and Barter
Island (Figure 341. In the interior portion of the Arctic, fog
oecurs most frequently in winter. Warm summer tempemures
in this ar. reduce fog occurrences. Smoke and haze occur so
in~uently th« they have a negligible effect on visibility.
Blowing snow, however, is a serious hazard.

JOStot'l C. ua.He. AEIOC
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:"'z<tS ,,~:::: streams ::Jrovu::t ~Ood v"r·round'.
-:t!"e I .....om'~ Ot !..iO~ ,ncestrv :isnes tnrouqn
a :"l01. ;:"'1 ::'\e Ice. uolanoers were originilly
::·ou;:-:,: ~c A:ask~ :e ceveto= !"e~nceer herdln~

~; a .s""~:'ct 0:' iODe InD meDme ano many Inter·
;~arflee wan AlaSka Natives.

Lake and Ri~r lei
ObMrvation and recording of frllzeuD and breakuD dates

on ri~rs and lakes in t~e region oegan more than 20 vears a;o.
Although there are some glPs in :nese dna. Figures 34 and ::S
present all that are available. Since river water mo~s. riv~,

frllzeuo dates are later than mose of lakes, breakup oaas a,e
earlier, and the days tnat ice is safe for men and vehicies ace
iewer. The ice·iree seuon falls aooroximately betwlln these
dates. As soon as the :empernu,e remains above freezir:g, ice
melts much more Quicxly than it forms wnen the temperature
crops below freezing.

Fi9Ure 35 gives average beginning and ending freezeuo
dates of the ice season for rr/ecteo lakes and rivers. Locations
of these observational sites are found in Figure 18. Ice obser.
vations are not available for other locations in this region.

Alaska's lakes anc rivers are imoortant transoortation ana
recreation resources year·rouno. in summer a high percentage oi
airplanes is equipped with floats. whiCh allows them to land
:!ose to most otherwise inaccessible areas. Floats are Ixcr.angeo
for skis in winter. For surface transoortation, these water oooies
often must be bridged. which requires knowledge of ice conoi.
tions for engineering design and co:-:struction.

Figure 34
Freezing Temperatures
for Selected Locations

Figure 35
Freezeup and Breakup Dates for
SeleCted Rivers and Other Water Bodies
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...d att.!' melting. Ie_ behind irregular mounds or ridges of
sedimems elC1l!nding along the beach as much as several miles.
Some of those with ice cores may originally be up to six feet
histo but shrink to two feet when the core melts. Others have
been observed up to 1'1VI feet histo with no ice cores.

Deposits Ire often datroyed by the fim storm waves. In
some ~ they persist by being pushed above the nonnal
reach of waves, by growth of the belch, or because close pack
ice retards wave erosion. Deposition from ice push probably
~r amounts to more than 10 percent of the sediments ebovt
.. I_I, generally ranging between 1 and 2 percent. Ice carries
sediments end drops them when it melts. possibly accounting
for up to 3 percent of the deposition neer shore.

Though not quantimively significant, SInd and pebbles up
to 0.4 inches long have been observed flolting freely in the sea.
Only flat. tabular particles float; spherical particles sink. The
floating particles commonly gather in Pitches or rafts. although
they also f10et singly. Surface tension has been described as the
mec:hanism of floating. At most. only 20 to 25 pounds of
material per hour has been observed passing any given poi nt.

Applied a.oIotv
Geologic: maps serve IS a basis for describing the origin,

age, and physical character of een:t1 mettrials; they "Iso can
show the epplication of geologic knowledge to man's use of the
land. Applied ...log'( I'Il8PS are designed to show many differ·
ent land c:hIrec:terinies. such IS type and distribution of foun
dation matlrial. grewl resources, mineral resources. and loca
tion of potential energy sources. The IPPlied geology chart
(Figure 70 I. when ulllld in conjunction with the geologic map
(Figure 651. reflects the basic engineering chlIracteristics of
each geologie unit. It can serve • a guide to planners and de
velopers as to whit types of problems to expect and what
tYpes of investigations should be carried out to insure safe
and economical development.

The chert or the geologic map is not intended to serve IS

a source for estimating reserves or detailing the precise uses for
which particular deposits are most suited. More deu iled site
investigations, such as are found in studies done by laBelle
(1973. 1974). Davidson, Roy and Associates (1959), and
Lounsbury and Associates (1973), are required. The chart and
map serve primarily as guides so planners can determine which
areas deserve further consideration and study.

Special Geologic Conditions Affecting the Arctic Region
Perm.frost and erosion are primary geologic phenomena to

be considered in the development of the Arctic Region. Their
effects have far.reaching impact on ma,,'s occupancy and use of
land. Earthquakes and volcanism are insignificant processes in
the Arctic Region.

Figure 71 shows the seismic zones of Alaska as I nterpm·
ed by the U. S. Army Corps of Engineers. The onlv seismic
aetMlY reported in the Arctic between 1955 and ~ 964 oc·
curred in the Chukchi Sea, where four earthQuak" with a
magnitude greater than 6.0 were recorded.

A'ITACBMEh"'T A

Fi~rw 70 Generalized Engineering Char.cteristics of Surficial
DeposiU

Oa _ SHd lAd ......._.....,..ined dt_iu
Of Good fOUndation mot.rial

Relativity .IIY to ."crnte
co-.Uy welklrained
Source of sand .nd ....... for constrUction
Not frost s_tible

Qrn- Mixed _ .... Ind fi..~i..d dtpolito-TIII
Generally hi" in silt cOnttnt.lSPICially ..Ir surf....
Genetllly 1)00( foundation mat.rill. e"cePt where locally his!' in

_It ..,d lind content
Poorly c:lrained
High in ice con_to _illly in silts
Often bIco..... unsaobl. if thawed; moy cause differentil' IOttI....tnt

of Ioundlltions
Diffi...ltto _

Frost IUlCePtibie

Qc- Sand-lIlediu.,....oned dtpotiU
Cle Flir to lIOOd foundltion rnetll<ill

ReiatiYety _ to ."_tl
co-.lly well<lrainld
Source ot lind for construction
Not ..-ioully fron M1lCeOtibie

Slit Ind ClIy-fine.trlined d.-iu
CO-Uy poor foundttion nmII<ial
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Unstable during IInhaulkes; moy COUll Ilnclslides Iiong bluffs or

dift_tial settlement.
Hi., iceJwlter content
Will become unstable if thlwed; may couse differentill settlement of

fOUndltions
Generally poor fill moterial
Frost suJC..ptibh~·

Pem~rJII'Iic surface materi.1
Poor founClltion material
Poorly drained
Commonly removed or filled over prior to construction
Contlins hi" percentl!110 of ice/weter

S.dfock
Generally suitable for foundations
Somewhat diffi...lt to ellC..I..
Hlrd and resiNnt but commonly fractUfed
Gen.rally steep slopes in mountains mlk. _Io_t difficult
Can be au.....ied and crushed for _ion INterial

Figurw 71 Seismic Zone Mep of Alaska
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ATTACHME:NT A

en.-.,g Consiclemions
The widaprwd occurrence of permafrost requires special

engineering considerations for the design, construction, and
-nain~nce of struetum and facilities. Permafrost degradation
i primarily related to the insulation qualities of the surface

layers and the ice content of the frozen ground beneath.
Sensitivity is great in the north, where the surface organic I~yer

is thinrwst and soil ice content is highest.
"ihe engineering limitations _iated with permafrost .re

not the same for rock type or sediment. Frozen bedrock with
ice in its crevices will pr_nt few, if .ny, construction or
rnsintleNnCe problems. Well·drained, coarse sediments such IS

grIWl, 1M\' contain linle or no ice, even though they are
frozen. Here llllIin, few, if any problems occur. Although saline
W1Iter in sadiments may be below 32 degrees F (0 degrees C1, it
may remain liquid because of its lower freezing point.

Major engineering problems arise when permafrost occurs
in poorty drained, finl1ll'lined sediments. These sediments con
tain large amounts of ice. Disruption of thse deposits results
in • c::twnge in the therm.1 ballll1Ct which causes the ice to melt
(Figure 77 I. Thawing Produces exceaive wetting and p1lSticity
which makes the sediments unstable. This results in icings, frost
~, slumping .nd subsidence of tile ground surfllc:e, .nd in
many _, the sediments flow I.tarally or downslope. During
winter the active layer freezes downward from the ground
surface to the perm.frost table. In fine-grained maUlrials ape
cially, the formation .nd resulting expansion of ice causes frost
heavin~ Thawing of permafrost .nd eycles of freezing and
thawing in the active I.yer CluteS extensive damage to high
ways, railroads, airstrips, and other facilities. CompuUlr models
are being used to predict the interaction of permafrost and
man·made structures. This may reduce construction and main
tenance Costs.

Lack of sufficient insulltion belOW' this utilities
building at Berrow all_ h.at from the structur.
'0 tn_ the lIIrmafrOSt below. Slumping resulted
in severe damage 10 the structure.

~,......... ,. ~

Roben Lewellen

Figure 77 Thaw-Slumping in Permafrost Below I Heated Building
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Heal llsed 10 WIIml lhe jntorlor of • S!rueturo Inlldoquatolv n·
sulalod from permafrost thews lhe underlying permafrost .nd
lad. 10 Ih. suboldo."... of Ih. ground .nd Ih...entu.1 colla"se
01 the building. To koop pGrIMfrast from Ihawing, 'truet",..
must be built in a manner that prwttlltt hoot transfor to ~he

lrDlC", ground. Th;,; is 9'",or.t1y accomplisherl by building
structures off the ground nn footings or pilings Bnd maki,ng
sure that the surface pcst insulating coynr i, not (OrnOYf'(J.
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